Age-appropriate complementary feeding practices are far from optimal among low-and middleincome countries with available data. The evidence on the association between feeding practices and linear growth is mixed. We sought to systematically examine the association between two indictors of dietary quality-dietary diversity and animal source food (ASF) consumption (WHO, 2008)-and stunting (length-for-age z-score) employing existing data from 39 Demographic and Health Surveys. Data on 74,548 children aged 6-23 months were pooled and multiple logistic regression models, adjusting for child, maternal, and household characteristics, employed to assess the association between dietary quality and stunting. Stratified models by child age and by World Bank country-income classifications (World Bank, 2015) were also applied. Children aged 6-23 months consuming zero food groups in the previous day had a 1.345 higher odds of being stunted when compared to the reference group (≥5 food groups); those who did not consume any ASF in the previous day had a 1.436 higher odds of being stunted compared to children consuming all three types of ASF (egg, meat, and dairy). We estimated that 2,629 cases of stunting would have been averted (12.6% of those stunted) among the population studied if all children had consumed five or more food groups. Outcomes by country-income groupings showed larger associations of diet diversity and ASF consumption for upper-and lower-middle income countries compared to low-income countries. In summary, dietary diversity and ASF consumption were associated with stunting, with associations varying by stratified groups.
acceptable diet are related to different anthropometric outcomes and also had mixed results (Jones, Ickes, et al., 2014a , Darapheak, Takano, Kizuki, Nakamura, & Seino, 2013 . In some cases, the mixed results were attributed to insufficient sample size in some of the survey populations (Jones, Ickes, et al., 2014a) and also to the limitation of having only one day of diet recall per child, which may not be representative of habitual dietary intake (Thorne-Lyman, Spiegelman, & Fawzi, 2014) . Although the number and types of food groups consumed by young children has the potential to vary on any given day, suggesting that its impact on child growth might best be studied through a prospective assessment of dietary intake as assessed over multiple days, evidence exists that diets of young children in low-and middle-income countries can be monotonous (Ruel, 2003) . As an abundance of cross-sectional data related to young child feeding as well as nutrition status exist in the Demographic and Health Surveys (DHS), we used them to systematically examine the association between two measures of dietary quality and stunting, but using a pooled analysis to overcome some of the limitations cited by previous studies, although still allowing for assessment of outcomes by country typology by stratifying results by the World Bank country-income classifications (World Bank, 2015) . Our hypothesis was that young children with higher dietary diversity and animal source food (ASF) consumption would have lower risk of stunting. (Table 1) .
| Study population and sample size
The study population comprised children aged 6-23 months in the 39 DHS meeting the inclusion criteria. As part of the DHS survey design, diet diversity data were collected from the youngest child under two years of age born to mothers aged 15 to 49 years and also living with the mother at the time of the survey. A total of 120,475 children were 6-23 months old at the time of survey from the 39 study countries, of which 111,806 were eligible for infant and young child feeding (IYCF) questions. Among these, 31,442 children, from 21 countries were not eligible for height measurements on the basis of the sampling strategy for the anthropometry module, where only a subsample were measured. There were another 5,010 children whose length-for-age z-scores (LAZs) were flagged in the DHS data files either as missing or as biologically implausible according to the WHO flags (Mei & Grummer-Strawn, 2007) . These children were excluded from the analysis. We also removed 71 children whose mothers had a height of less than 130 cm, as these were considered to be implausible and likely due to measurement or recording errors.
Also, 735 children with missing values for one or more covariates were not included in the analysis. The final sample size of children 6-23 months old in the pooled analysis was 74,548.
2.3 | Outcomes, exposure, and covariates 2.3.1 | Outcome: stunting
The main outcome was stunting, a measure of chronic malnutrition among young children, assessed by calculating an age and gender adjusted z-score for each child according to the WHO child growth standards (WHO, 2006) and used as a binary indicator (stunted zscore < −2; not stunted z-score ≥ −2).
| Main exposures: dietary diversity and consumption of animal source food
Dietary diversity, one of the two main exposures in this study, was assessed on the basis of the consumption of specific food items in the 24 hours prior to being surveyed. In the DHS survey, mothers provided food consumption data for their youngest child under 2 years of age using a questionnaire assessing previous day intake of a list of food items. These food items were then categorized into one of the following seven food groups as defined by WHO for diet diversity (WHO, 2008): flesh food (meat, poultry, fish,
Key messages
• Dietary diversity and consumption of different types of animal source food (ASF) were associated with stunting.
• Children aged 6-23 months consuming only one food group in the previous day had a 1.365 higher odds of being stunted when compared to the reference group (≥5 food groups); those who did not consume any ASF in the previous day had a 1.436 higher odds of being stunted compared to children consuming all three types of ASF (egg, meat, and dairy).
• We estimated that 2,629 cases of stunting would have been averted (12.6% of those stunted) among the population studied if all children had consumed five or more food groups.
• The WHO infant and young child feeding indicators were developed 8 years ago; with more available data from a variety of country settings available today, it might be timely to review these indicators.
and organ meat), dairy products, eggs, grains or tubers, pulses or legumes or nuts, vitamin-A-rich fruits and vegetables, and other fruits and vegetables. Dietary diversity was constructed as a categorical variable on the basis of the number of food groups the child consumed setting a minimum of zero and maximum and reference group of five or more.
In addition to dietary diversity, ASF consumption was also included as a main exposure in our study. We divided the foods in the questionnaires into three categories of ASF: (a) milk products that included infant formula, milk other than breast milk, cheese, yogurt, or other milk products; (b) eggs; and (c) meat from any animal including organ meat, poultry, fish, and shellfish. ASF consumption was constructed as a categorical variable on the basis of the number of ASF groups consumed, with a minimum of zero and maximum of three.
| Covariates
Covariates for child stunting were used in this analysis, covering known confounding factors at child, maternal, and household levels (Table 2 ). These variables were identified as risk factors for child stunting on the basis of review of determinants of undernutrition from the UNICEF conceptual framework (UNICEF, 1990) and previous studies (Corsi, Mejia-Guevara, & Subramanian, 2015) and available and related determinants in the DHS datasets. We did not control for water, sanitation, and other characteristics that were part of the construction of wealth quintiles used in analyses; models with and without these variables yielded similar results. Note. BMI = body mass index. Additionally, country-specific DHS survey protocols are reviewed by the ICF IRB and typically by an IRB in the host country to ensure compliance with laws and norms of the nation. Datasets used did not contain any personal identifiers.
| Ethical review

| Statistical analysis
Our main interest was to assess the average association of diet diversity and ASF consumption with stunting among households and individuals in all countries combined rather than the association in each individual country. Furthermore, our interest was not to examine variation among countries, although we did examine differences by country-income classification. Therefore, pooled analyses were used to increase our ability to identify associations that may not be visible in any given country due to inadequate sample size as noted in previous studies (Jones, Ickes, et al., 2014a) .
The individual data files of each country were concatenated for the pooled analysis. We used two-level mixed multiple logistic regression models (i.e., with a random effect to account for variability of clusters and with country as a fixed effect to account for variability of countries) in the pooled analysis to assess the association between dietary diversity and child stunting across countries, as well as between ASF consumption and child stunting, adjusted by child, maternal, and household covariates. In the pooled analyses, we adjusted for countries effects as fixed effects and accounted for clusters as random effects because in the surveys, geographic clusters were used to take the samples (i.e., the complex survey design applied by DHS is generally a stratified two-stage cluster sampling design, with the first stage being the sampling of "enumeration areas" or clusters, drawn from census files, and the second stage being a sample of households that is drawn from a freshly updated list of households within each of the selected enumeration areas). Accounting for countries as a random effect at a third level rather than as a fixed effect yielded the same results. The analyses were carried out using the xtlogit procedure in Stata statistical software version 14 (StataCorp, 2015) . The regression models using xtlogit specified the binary outcome variable (stunted) and then the variables representing diet, the list of fixed covariates, and the country fixed effects, with clusters within each survey specified as random effects. We applied stratified models for infants aged 6-11 months old and children aged 12-23 months old after testing for an interaction between dietary diversity and child's age.
Sampling weights were not used in the pooled analysis in our study because weighted and unweighted regression coefficients are both statistically inconsistent and unweighted estimates are preferable when the purpose is to examine structural relationships, as in this study, rather than population description (Deaton, 1997) . We presented final models as odds ratios (ORs) with 95% confidence intervals.
Using the prevalence data in Table 2 and the ORs in Table 3 , a population attributable risk calculation was done for dietary diversity in children 6-23 months of age. The calculation was made with assuming that the association between dietary diversity and stunting was causal.
3 | RESULTS
| Sample description
There were 74,548 eligible children from 39 study countries, ranging from 571 children in Namibia to 7,594 children in Nigeria. The prevalence of stunting among 6-23-month-olds varied from 8.4% in Dominican Republic to 44.4% in Malawi (Table 1) . Almost all of the risk factors examined in bivariate analyses were significantly associated with child's stunting (p < .001, Table 2 ).
| Multilevel and multiple regression analysis
Several risk factors were significantly associated with child stunting in the multilevel logistic models among children 6-23 months of age, and in the age-stratified results between those aged 6-11 months versus 12-23 months.
| Dietary diversity
The number of food groups consumed on the previous day was associated with stunting, even after adjusted by child, maternal, and household covariates (Table 3) . Children who consumed food from five or more food groups were less likely to be stunted than those who consumed fewer food groups, with a statistically significant difference even between five plus and 4 food groups. Compared to children 6-23 months of age who consumed five or more food groups within the 24-hr period before the survey, children whose diet did not include any of the food groups had a 1. or for pneumonia and stunting.
Maternal stature and education were also identified as protective factors for child stunting. Children born to the taller mothers (>160 cm) were less likely to be stunted than children born to shorter mothers (<145 cm). The analysis shows that each 1-cm higher maternal height was associated with lower odds of being stunted for 6-23-month-olds (OR 0.929; 95% ). Similarly, children whose mothers had more years of formal education were less likely to be stunted than children whose mothers had fewer years of education.
With respect to the household variables, children from households in the poorest quintiles were more likely to be stunted than the children from the richest quintiles (OR 1.764; 95% CI [1.633-1.906]).
The results also show a significant association between the number of under-5 children living in the household and child stunting. For each one additional child under 5 years of age in the household, the odds of being stunted was 1.102 times higher (95% CI [1.080-1.124]).
The population attributable risk calculation showed that 20,944 children (28.1%) in the sample were stunted. If all children had received five or more food groups, then 2,629 cases of stunting would have been averted, which is 12.6% of the stunting, reducing the prevalence of stunting to 24.6%.
| Consumption of animal source foods
When compared to children who consumed all three types of ASF (egg, meat, and dairy), children whose diet did not include any ASF had a 1.436 higher odds of being stunted (OR 1.436; 95% [CI 1.317-1.565]; 
| Dietary quality by country-income grouping
The significant association between diet diversity and child stunting remained among groupings defined by World Bank country-income classification (Table 5 ). The low-income countries (LICs) had fewer and weaker significant outcomes than the upper-middle income countries (UMICs) or lower-middle income countries (LMICs). Overall differences between the reference group of five plus food groups were only noted among children consuming zero, one, or two food groups in the LICs, with no difference among those consuming three or four food groups.
The association of dietary diversity on stunting was greater among the LMICs, with those consuming zero, one, two, or three food groups having higher odds of being stunted than the reference of five plus food groups. Among UMICs, a similar pattern emerged to that of LMICs, although the zero food group had a smaller and nonsignificant difference, which might have been due to the relatively small number of children falling into this group among this country-income classification. 
| DISCUSSION
This study examined the association between child's dietary quality on the previous day and stunting, employing DHS data from 39 countries.
Dietary diversity and ASF consumption were associated with stunting, with associations differing by country-income groups. Key findings Note. CI = confidence interval.
a Models were adjusted for child, maternal, and household covariates, country as fixed effects and clusters as random effects as in Table 3 .
were (a) diet quality was associated with lower stunting in the 39 countries studied; (b) the largest association was among the youngest group of 6-11-month-olds consuming zero food groups and may thus be more related to lack of introduction of any food groups, although a more consistent relationship between number of food groups is evident among the older group of 12-23-month-olds; (c) lower stunting exists with the consumption of three types of ASF when compared to two types of ASF; (d) a larger magnitude of association of diet diversity and ASF consumption exist for upper-middle and LMICs when compared to LICs;
and (e) somewhat lower stunting exists with the consumption of five or more food groups when compared to four food groups.
The largest difference with diet diversity and stunting was among infants aged 6-11 months who had consumed zero food groups in the previous day. The only other group that was different than the reference among 6-11-month-olds was the one food group, which also was associated with higher odds of being stunted. The lack of difference of consuming two or three or four food groups among 6-11-month-olds suggests that (a) the mere introduction of solid foods is likely more important among these youngest children than is greater diversity and (b) that the measure might not be sensitive enough for this age group. Among 12-23-month-olds, each food group was associated with higher odds of stunting when compared to the reference of five plus reference group. We also found a negative association for the covariate of continued breastfeeding among children 12-23 months of age and stunting, but not among 6-11-month-olds. The lack of any association of breastfeeding on stunting among 6-11-month-olds might be because most children in this age group in the study sample (more than 90%) were breastfed and also because stunting prevalence is relatively low in this age group. For the older age group of 12-23-month-olds, reverse causality of breastfeeding and stunting is likely.
The notion of reverse causality has been established in prospective cohort studies, which indicate that women with smaller children who suffer more from diseases like diarrhoea decide to continue to breastfeed and thus it is not the breastfeeding that is leading to stunting but the poor health and growth that are leading to prolonged breastfeeding (Marquis, Habicht, Lanata, Black, & Rasmussen, 1997 , Simondon, Simondon, Costes, Delaunay, & Diallo, 2001 ).
Consumption of more types of ASF was associated with lower stunting. There are a variety of studies, which show that ASF consumption, in general, is protective against stunting (Darapheak et al., 2013 , Ihab et al., 2014 , or that consumption of specific types of ASF, such as meat, are protective against stunting (Darapheak et al., 2013 , Ihab et al., 2014 , Tang, Sheng, Krebs, & Hambidge, 2014 . We have not found published evidence, however, that consumption of multiple types of ASF might be protective when compared to fewer types of ASF. One possible explanation is that con- for linear growth, but zinc is not high in most dairy products. Some supplementation trials have failed to find an effect of meat consumption on linear growth, however, which was attributed to high baseline rates of stunting (Krebs et al., 2012) . A recent study in the United
States that found a positive impact of meat supplementation on linear growth points to the importance of baseline nutritional status, and likely also energy sufficient diets, for meat consumption to have an impact on stunting . Although the literature has mixed results for stunting and ASF consumption, our findings provide an impetus for further research assessing the role multiple types of ASF can play in the promotion of optimal growth and development among young children.
When assessing the findings broken down by country-income groupings in our study, we postulate that among the worst-off populations, namely, children in the LICs, other factors related to stunting, such as maternal education, maternal nutrition status, and child infection or inflammation might influence the stunting rates more than increased levels of dietary diversity are capable of doing. As noted by some authors who saw no effect on stunting with daily meat supplementation in four LICs, the baseline stunting levels (Krebs et al., 2012) and perhaps also lack of sufficient energy intake (Menon, Bamezai, Subandoro, Ayoya, & Aguayo, 2015) did not allow for this additional food to be used by the body to support additional linear growth. The differences were most pronounced among the UMICs where even consuming two types of ASF had higher odds of being stunted when compared to consuming three types of ASF. This follows the pattern of findings of a supplementation trial in the United States, where supplemental daily meat was found to significantly increase the mean LAZ among the intervention group although the mean LAZ significantly decreased among controls. The authors from this study postulated that the impact of meat consumption might be higher in high-resource settings (Krebs et al., 2012) , which may explain why we saw more significant differences among UMICs, as well as LMICs, when compared to LICs. Having a diverse diet among LICs is important for many reasons, but other factors related to stunting must also be resolved among countries with the lowest level of resources.
We found a higher odds of being stunted even among the group of children consuming four food groups when compared to the reference group of five or more food groups among those aged 12-23 months
and not those aged 6-11 months. The higher odds of being stunted among those who consumed four food groups when compared to those who consumed five or more food groups provides evidence to support consideration of a higher cutoff than four for the current global indicator, if at least part of the aim of the use of diet diversity data is to advocate for dietary changes to support optimal linear growth among young children. Setting a cutoff of five or more food groups ensures that at least one type of ASF (eggs, meat, or dairy) was consumed. Furthermore, ASF consumption from more than just one of the three types of ASF assessed in this study was associated with lower risk of stunting, and with a minimum of five food groups, there is a greater chance that more than one type of ASF was consumed. Another option could be to keep the cutoff of four or more food groups as it is currently established, but to require at least one ASF among the four food groups. This option may seem more feasible
than reaching a minimum of five food groups and would put more emphasis on the importance of ASF in diets of infants and young children. The WHO indicators were developed using high-quality, quantified 24-hour recall data from four countries, but some limitations existed due to the limited number of datasets and sample sizes avail- (Jones, Ickes, et al., 2014a) .
Limitations of this study include the reporting and recall bias, which can occur in DHS and similar surveys, which rely on the mother's memory of past events (Ruel & Menon, 2002) . Overall, we would expect the bias for the dietary diversity items to be low, given that the recall period in this case is the previous day. In addition, although a standard questionnaire is the basis for all DHS across all countries, the survey programme tailors the food lists to reflect food items available in each country. In general, the food categories remain the same between surveys, and variable recoding was undertaken when necessary to allow cross-country comparisons presented in this study. Nevertheless, the quality of data may have varied between countries depending on the extent and quality of the country customization of questionnaires, and we could not account for such differences. Furthermore, with only one day of recall data per child, the cross-sectional nature of this study might not reflect the usual diet of any given child in the sample. These measures are limited in assessing diet and health relationships (Jones, Mbuya, et al., 2014b) ; random error in the measurement of dietary quality may attenuate estimates of association (Beaton, 1994) .
Given the cross-sectional design, we cannot be sure if the associations observed are causal. Three scenarios are possible: Scenario A:
stunting causes poor dietary quality (e.g., stunted children are fed less because they demand food less), Scenario B where poor dietary quality causes stunting (e.g., nutrients in a variety of food are needed to support growth), or Scenario C where something else is associated with and causes both stunting and poor dietary quality (e.g., diet and stunting result from a variable not in the DHS datasets, which we could not control). We have been unable to find any publication that suggests Scenario A is likely, but it could be that stunted children are more frequently ill and consequently eat less. A review of literature on how young children are fed during common illnesses in South Asian countries suggest that complementary foods are restricted in frequency, quantity, and/or quality during illness, owing to children's anorexia (perceived or real), lack of awareness of caregivers' about the feeding needs of sick children, traditional beliefs or suboptimal counselling, and support by health workers (Paintal & Aguayo, 2016) . Our analyses controlled for illnesses in the last 2 weeks, however, as collected in the DHS, including fever, diarrhoea, and pneumonia, and we also tested the model without the illness covariates and the effect sizes and significant levels were essentially unchanged. Others have reported on the difficulty of assessing illnesses through household surveys such as DHS, noting that classification errors were a potential concern, but also noted that the real association of these factors (i.e., had the assessment of illness been error free) were unlikely to be higher than results found with the reported survey data (Corsi et al., 2015) .
Scenario B is a strong possibility as evidence exists to support the notion that a variety of nutrients are needed to support optimal growth (van Stuijvenberg et al., 2015 , Semba & Bloem, 2008 . Furthermore, with the bar set at five plus food groups in this study, there is a higher chance that any child in the reference group would have had at least two types of ASF, which have key nutrients of zinc, protein, and calcium associated with linear growth and thus supports the likelihood for Scenario B. Furthermore, our results show a lower odds of being stunted when three types of ASF were consumed when compared to two types of ASF, which might provide additional support for the possibility of Scenario B given that increased types of animal source foods could increase the type of nutrients available that support linear growth. Under Scenario B, we estimated that improving dietary diversity to five or more food groups for all children 6-23 months of age would avert 12.6% of the stunting observed in the sample, which would be an important reduction on a population basis. 
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